The polymerase chain reaction (PCR) was used to develop a simple technique for detecting monoclonality at the DNA level in B lymphocyte populations in formalin fixed, paraffin wax embedded material. Sections were dewaxed and dehydrated, and the DNA was extracted by boiling in water for 45 minutes. A semi-nested PCR was performed to amplify the V-D-J region of the immunoglobulin heavy chain gene. The product was electrophoresed and viewed under ultraviolet light after ethidium bromide staining. Specimens from 26 B cell lymphomas produced a monoclonal band in 24 cases and no amplification in two cases; monoclonality was specific for this disorder. Specimens from seven T cell lymphomas produced no amplification; specimens from nine reactive nodes produced a broad smear of polyclonal material; and specimens from 12 cases of carcinoma produced either no amplification or polyclonal material.
For the third framework region (at the 3' end of V): A PCR cycle consisted of annealing for two minutes at 60°C, extension for two minutes at 72°C, and denaturation for two minutes at 94°C. A semi-nested PCR was performed: a first round of 30 cycles with primers FR3A and LJH and 10 1l of the boiled cellular extract as template; and a second round of 20 cycles with FR3A and VLJH, with 10 pl of a 1 in 1000 dilution of the first round PCR as template. Before each round the PCR reaction was heated to 94°C for four minutes, and after each round a final extension step of six minutes at 72°C was performed. Each experiment also contained a tube without DNA template (as a negative control), and a tube whose template was DNA from pre-B lymphocyte line Nalm 6, which has its immunological genes rearranged (as a positive control). PCR amplified material (5 Ml) was electrophoresed in 2% agarose gels in TBE buffer (89 mM TRIS-HCI, 89 mM boric acid, 2 mM ethylene diamise N,N,N',N'-tetra acetic acid) at 100 volts for 90 minutes and the DNA was visualised under short wavelength ultraviolet light after ethidium bromide staining of the gel. Figure 2 shows typical examples of the amplified DNA. Tracks 1-3 show the discrete monoclonal band (100-120 base pairs long) of amplified DNA observed in three cases of B-NHL; tracks 4-6 show failure of amplification observed in three cases of T-NHL; tracks 7-9 show the broad smear of polyclonal amplified DNA observed in three cases of reactive lymphadenopathy; and tracks 10-12 show failure of amplification in three cases of carcinoma. The results of all experiments, summarised in the table, show that the detection of one or two discrete bands was absolutely specific for B-NHL, with a sensitivity of 92%. A diffuse polyclonal smear was seen in all cases of reactive nodes. T-NHL and carcinomas usually gave no amplification but polyclonal material was observed in several cases. The two cases of B-NHL which produced no amplified product were consistently negative on repeated testing.
Results

Discussion
The PCR technique for detection ofmonoclonality, recently described by Trainor et al,2 is based on the events which occur during immunoglobulin heavy chain gene used fresh or frozen tissue samples. Monoclonality was detected in 92% of cases of B-NHL and was specific for this disorder. As detection of monoclonality is strongly suggestive of neoplastic disease, the present technique is likely to be of value in routine diagnosis, owing to its speed, simplicity, and applicability to fixed, embedded material. It will also permit the retrospective study of large numbers of patients. The nested primer techique used in this study is helpful for small amounts of starting material. It is more sensitive and specific than the single round approach originally described by Trainor et al. 2 In this study two of the 26 cases of B-NHL did not give a monoclonal band despite the detection in all of a monoclonal gene rearrangement by Southern blotting. This phenomenon has been noted before2 and possible explanations in these two patients are (1) atypical rearrangement, such as inversion of the immunoglobulin genes, which seems most likely, or (2) a false assignment of lineage by Southern blotting of the immunoglobulin and T cell receptor genes. The Southern blotting method detects rearrangement of the immunoglobulin of T-cell receptor gene, irrespective of the final arrangement of the gene,' whereas the PCR technique detects only V-D-J rearrangements which are in the correct orientation. Thus occasional cases in which monoclonal gene rearrangement can be detected by Southern blotting but not by PCR are to be expected.
